SUMMARY "Tolerance" to penicillin in streptococci was investigated by two different techniques. Of 70 strains examined, 35 appeared tolerant in conventional titrations and 31 appeared tolerant when tested by a recently-described disc method. There was 88% agreement between the two methods, but the disc test failed to detect tolerance shown by titrations in six strains of streptococci, including three f-haemolytic strains belonging to Lancefield's group D.
Bacteria described as "tolerant" to penicillin are inhibited but not killed by penicillin and related antibiotics. ' The phenomenon has been demonstrated in several types of streptococci: tolerant mutants of Lancefield group A streptococci have been produced2 and tolerant strains of Lancefield groups B, C, D, G3-6 and viridans streptococci7-8 have been isolated from cases of human infection.
Tolerance may be associated with failure of penicillin therapy in conditions such as bacterial endocarditis where bactericidal activity is a prerequisite of successful therapy. 8 Consequently, a simple, reliable test for the detection of tolerance would be useful to enable effective treatment to be instituted more promptly.
Of the tests available for the detection of tolerance, estimation of the ratio between the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration 20 colonies after overnight incubationthat is, 99-9% killing).
DISC TEST FOR TOLERANCE
The method was based on that described by Dankert et al. 9 Overnight broth cultures of streptococci were diluted 1/10 with fresh broth and 0* 1 ml was spread on a blood agar plate. A two-unit penicillin disc was placed on the inoculum. For those streptococci of which the MIC of penicillin was 2 ,ug/ml or more, a 10 ,ug ampicillin disc was used. Plates were incubated overnight at 37°C. The diameter of the zone of inhibition was measured and the antibiotic discs were replaced by discs containing ,f-lactamase (see below). After a further 24 h incubation, the number of colonies developing inside the inhibition zone was counted. /8-lactamase discs were prepared as follows: 7 mm diameter discs of photoprint drying paper were cut with a hole punch and sterilised by autoclaving for 5 min at 136°C. 84-lactamase (0.05 ml) was pipetted onto each disc and allowed to dry. The discs were used immediately. The methods were in agreement for 62 of the 70 strains tested (88% agreement). The disc method failed to detect tolerance shown by titrations in six of 35 strains (17-1% false negative) and tolerance was indicated by the disc test in two of 35 strains which did not show the effect in titration (6.25% false positive). Three of the six "false negative" results occurred with f3-haemolytic streptococci belonging to Lancefield's group D (Table 3) .
Viable counts were performed on 55 strains (31 tolerant; 24 non-tolerant, as judged by titration) in order to test for Eagle's optimum dosage effect. The Eagle phenomenon was observed in 22 (71 %) of the tolerant strains and in 4 (17%) of the non-tolerant strains. The difference was statistically significant (p = < 0-001; x2 test with Yates' correction).
Discussion
There is increasing evidence that penicillin tolerance in Gram-positive cocci is a common phenomenon.' 13 -1 There is also evidence that penicillin tolerance may be associated with treatment failure, particularly in endocarditis. '6-'8 In the present study 50% of streptococci tested exhibited tolerance as judged by an MBC/MIC ratio of 32 or more and the phenomenon was common to all streptococci tested except As discussed elsewhere'9 the Eagle phenomenon'" may cause difficulties in the detection of tolerance, since, with strains exhibiting this effect, concentrations of antibiotic just above the MIC may achieve 99-9% killing while higher concentrations fail to meet the criterion of bactericidal activity. We did not encounter this difficulty with the strains we examined. Although 26 of 55 strains tested by the viable counting method displayed the Eagle effect, the action of penicillin on tolerant strains did not achieve the 99-9% killing criterion of bactericidal activity at any concentration, even when the Eagle effect was present. However, a significant relationship between tolerance and the Eagle phenomenon was revealed: of 31 tolerant strains, 71 % also showed the Eagle effect, whereas only 17% of 24 non-tolerant strains exhibited the effect.
This positive association may indicate that the optimum dosage effect and tolerance are biochemically related phenomena. The nature of the Eagle phenomenon is not understood, but the basis of the effect possibly lies in the multiple binding sites for penicillin that exist within the bacterial envelope.20
It is postulated that inhibition of a very sensitive enzyme by low concentrations of penicillin leads to death of the cell through an autolytic mechanism,2' while in the presence of higher penicillin concentrations other enzymes are inhibited, causing bacteristasis and hence antagonism of the bactericidal effect.'9 Such evidence as is available suggests that tolerance is also related to defective or incomplete autolytic activity,' so that the biochemical relatedness of the two phenomena is certainly possible.
